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Abstract
In hospitalized patients with acute gastroenteritis in Manipur,
India, four rotavirus strains were found to possess VP7 and/or
VP4 genes with porcine or bovine characteristics. Considering
the animal-like nature of these strains, the remaining eight gene
segments were analysed to decipher their exact origin. Analyses
of full genome of these strains exhibited their origin from
porcine/bovine rotaviruses. This study suggests single or multiple
events of reassortment involving multiple gene segments of
more than one host type among the strains and emphasizes the
signiﬁcance of complete genetic characterization of unusual
strains in regions with high incidence and mortality rates.
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Group A rotaviruses are the leading cause of severe
dehydrating diarrhoea in children worldwide [1]. These
viruses are genetically diverse, and based on the percentage
difference in nucleotide sequencing, the genotypes of
VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6
genes are classiﬁed as Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-
Hx where ‘x’ indicates the number of the corresponding
genotype discovered. Based on this, 23G, 31P, 13I, 6R, 6C,
7M, 16A, 6N, 8T, 12E and 8H genotypes of rotavirus have
been described till date [2–5]. In humans, G1-G4, G9, G12,
P[4], P[6] and P[8] are considered as the major genotypes.
The unusual G and P genotypes that were predominant in
animals, such as G5, G8, G10 or P[19], also have been found
in children, especially in developing countries [6–11].
Many reports have pointed out that most common geno-
types originated initially in animals but later on, due to inter-
species transmission, became established in humans [11–13].
Recently, based on the new classiﬁcation system, it has been
proposed that Wa-like human strains and porcine strains
might have a common origin, whereas DS-1-like human and
bovine strains might be derived from a common ancestor
[14]. One example is the P[6] genotype, which has originated
from porcine rotavirus but is now frequent in humans
[8,13,15–17]. There is evidence of genotypes commonly
observed in bovine, porcine or feline populations, such as
G5, G16, G10, P[19], etc., infecting humans occasionally
[10,16,18]. All these observations point towards complex
interspecies transmission events involving human and other
animal rotaviruses, where the segmented nature of the rota-
virus genome provides a mechanism for generation of genetic
diversity by process of genetic reassortment. This may be
considered during the planning of vaccination and post-vacci-
nation studies in highly populated endemic areas [8,9,19,20].
During surveillance among hospitalized children with acute
diarrhoea in Manipur, North East India, a high incidence of
rotavirus infection (±50%) was reported by our group [3].
Four unusual rotaviral strains, namely G9P[19] (mani-97/06),
G4P[4] (mani-253/07), G10P[6] (mani-265/07) and G4P[6]
(mani-362/07), were identiﬁed, and preliminary analysis of
the VP4, VP7 and NSP4 genes of these strains had revealed
genetic relatedness to porcine (mani-97/06, mani-253/07 and
mani-362/07) and bovine (mani-265/07) rotaviruses [3].
Because these strains were identiﬁed in children with
severe diarrhoea (vesikari score >10), in this study we have
analysed the remaining eight gene segments (VP1-3, VP6,
NSP1-3 and NSP5) in order to understand the origin of
these strains. As all gene segments could not be ampliﬁed by
common primers [12], the modiﬁed single primer ampliﬁca-
tion method was used followed by sequencing [21]. The
advantage of the single primer method was that all strains
could be sequenced using a common primer and the same
PCR conditions. Phylogenetic analysis was carried out as
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described earlier [3]. The nucleotide sequences have been
deposited in GenBank under accession numbers HM348716–
HM348747. Comparative analysis of nucleotide and deduced
amino acid sequences of the strains gave similar results.
Complete nucleotide sequencing and phylogenetic charac-
terization conﬁrmed 10 of 11 segments of porcine origin in
mani-97/06, with genotype G9-P[19]-I5-R1-C1-M1-A8-N1-
T1-E1-H1. This strain is closely related to RMC321, an out-
break strain of 1987–1988, indicating continuous circulation
of this unusual strain in the region for the last 20 years. Only
NSP1 (A8) of mani-97/06 revealed maximum difference from
RMC321 (NSP1: A1), indicating an additional reassortment
event in the circulating RMC321-like strains (Table 1, Fig. 1).
The second strain, G4P[4], mani-253/07, revealed complete
genotype G4-P[4]-I1-R1-C1-M2-A8-N1-T1-E1-H1, where
VP3 (M2) and VP4 (P4) were like DS1-like human strains but
the remaining nine gene segments were of porcine origin
(Table 1, Fig. 1). The third strain, mani-362/07, with geno-
type G4-P[6]-I1-R1-C1-M1-A8-N1-T1-E1-H1, seemed to be
an example of a porcine virus infecting humans, as all 11
gene segments were of porcine origin (Table 1, Fig. 1). As
reported previously, the VP8* gene of this strain clusters
within sublineage Id with porcine P[6] strains [3]. Recently a
human strain from eastern India (mcs-13/07) as well as
strains from China and Vietnam also clustered with porcine
P[6] Ic/Id strains, unlike other P[6] human strains, which
cluster in sublineage Ia [12, 16, 20]. Out of four, only one
strain, mani-265/07, revealed genotype G10-P[6]-I2-R2-C2-
M2-A3-N2-T2-E2-H2, where VP2 (C2), VP4 (P[6]) and NSP5
(H2) genes clustered with DS-1-like human strains, whereas
VP7, VP6, VP1, VP3 and NSP1-4 gene segments were of
bovine origin, indicating a complex reassortment event,
involving multiple gene segments (Table 1, Fig. 1).
All three strains with porcine origin belonged to the
NSP4 genogroup B; however, both G4 strains had VP6 of
subgroup II (SGII), whereas the VP6 gene of the G9P[19]
strain clustered within SGI (Fig. 1). Unlike previous hypothe-
ses of co-segregation [22], this suggested independent segre-
gation of VP6 and NSP4 gene segments during reassortment
in these three strains, conﬁrming some recent reports about
NSP4 [8,23].
Earlier, only VP7, VP4, VP6 and NSP4 genes could be
either serotyped or genotyped into subgroups, whereas no
classiﬁcation for NSP1-3, NSP5 or VP1-3 genes was available.
The usual trend to understand the origin of the strain was
based on comparing the homology of the nucleotide or
deduced amino acid sequence of VP7, VP4 and NSP4 genes
with previously reported strains. This was sufﬁcient to
provide G & P types of circulating strains, and if the VP7
and VP4 sequence revealed homology to the genes of animal
TABLE 1. Origin and percentage homology of four unusual group A rotavirus strains of Manipur, India, based on their amino
acid levels of all 11 gene segments. Percentages are calculated for amino acid levels
Gene mani-97/06 mani-253/07 mani-265/07 mani-362/07
VP8* P[19] – porcine origin
CMP096 – 96.6% (Thailand)
P[4] – human origin
KMR782 – 94.1% (South Korea)
P[6] – human origin
Se585 – 97.4% (USA)
P[6] – porcine origin
51/04 – 94.2% (Spain)
VP7 G9 – human origin
97’SZ3 – 94.3% (China)
G4 – porcine origin
CMP166 – 95.5% (Thailand)
E931 – 96.3% (China)
G10 – bovine origin
B8 – 95.1% (India)
Erv2 – 95.4% (India)
Mc35 – 97.2% (Thailand)
G4 –porcine origin
CMP166 – 98% (Thailand)
E931 – 99.4% (China)
VP6 I5 – porcine origin
RU172 – 97.5% (India)
RMC321 – 98.2% (India)
I1 – porcine origin
CMP100/01 – 97.2% (Thailand)
E210 – 97.2% (Australia)
I2 – bovine origin
UKtc – 96.5% (UK)
DRC88 – 97% (Congo)
I1 – porcine origin
CMP100/01 – 96.5% (Thailand)
E210 – 96.5% (Australia)
VP3 M1 – porcine origin
RMC321 – 99% (India)
HP140 – 95.5% (India)
M2 – human origin
TB Chen – 96.3% [DS-1-like]
(China)
M2 – bovine origin
UKtc – 98.2% (UK)
M1 – porcine origin
RMC321 – 99% (India)
HP140 – 95.5% (India)
VP2 C1 – porcine origin
mcs/13-07 – 100% (India)
HP140 – 99% (India)
C1 – porcine origin
HP140 – 100% (India)
RMC321 – 100% (India)
C2 – human origin
RV176-00 – 97.8%
(Bangladesh) [DS-1-like]
C1 – porcine origin
HP140 – 98.1% (India)
RMC321 – 98% (India)
VP1 R1 – porcine origin
HP140 – 95.8% (India)
R1 – porcine origin
HP140 – 98.6% (India)
R2 – bovine origin
Sun9 – 99% (Japan)
R1 – porcine origin
HP140 – 98.6% (India)
NSP5 H1 – porcine origin
HP140 – 98% (India)
RMC321 – 97.5% (India)
H1 – porcine origin
HP140 – 97.5% (India)
RMC321 – 97% (India)
H2 – human origin
DRC86 – 98% (Congo)
TB-Chen – 97.5% (China) [DS-1-Like]
H1 – porcine origin
CMP034 – 99% (Thailand)
RU172 – 98.5% (India)
NSP4 E1 – porcine origin
OSU – 96.6% (Japan)
RMC321 – 98.9% (India)
E1 – porcine origin
HP140 – 97.7% (India)
RU172 – 97.7% (India)
E2 – bovine origin
RUBV81 – 98.3% (India)
RMC/R139 – 98% (India)
E1 – porcine origin
51/03 – 97.1% (Spain)
OSU – 96.6% (Japan)
NSP3 T1 – porcine origin
RMC321 – 96.2% (India)
MA/68 – 94.2% (USA)
T1 – porcine origin
RMC321 – 94.6% (India)
MA/68 – 93.9% (USA)
T2 – bovine origin
UK bovine – 94.2% (UK)
T1 – porcine origin
PRICE-97.4% (India)
NSP2 N1 – porcine origin
RMC321 – 99.4% (India)
OSU – 95.6% (Japan)
N1 – porcine origin
mcs/13-07 – 98.1% (India)
N2 – bovine origin
RV161-00 – 98.7% (Bangladesh)
UK bovine – 95.9% (UK)
N1 – porcine origin
Dhaka25-02 – 98.1% (Bangladesh)
SB1A-95.9% (USA)
NSP1 A8 – porcine origin
mcs/13-07 – 93.6%
Gottfried – 92%
A8 – porcine origin
mcs/13-07 – 98.6%
Gottfried – 93.6%
A3 – bovine origin
UK bovine – 93.9%
A8 – porcine origin
mcs/13-07 – 96.9%
Gottfried – 95.1%
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FIG. 1. Phylogenetic dendrograms based on the nucleotide sequences of GARV structural proteins VP6, VP1, VP2 and VP3 and nonstructural
protein NSP1, NSP2, NSP3 and NSP5 genes. Accession numbers are given in the text. The host species are provided (hum, human; por, porcine;
avi, avian; mur, murine; equ, equine; bov, bovine; sim, simian; lap, lapine; lamb, lamb; out, outgroup). Evolutionary trees were drawn by using the
neighbour-joining method (bootstrap with 1000 replicates and >80% cut-off values) using human group C strain Bristol as outgroup.
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rotaviruses, interspecies transmission was predicted. This,
however, did not reveal whether there was reassortment of
only these genes or the whole virus was from animal origin.
Thus a new classiﬁcation system was recommended recently
by Rotavirus Classiﬁcation Working Group (RCWG) [1] for
analysing complete genomic sequences of all gene segments,
to classify strains, and conﬁrm reassortant events and inter-
species transmission comprehensively.
In recent years, with the trend of full genome analysis,
increasing numbers of circulating strains with more than one
gene segment of animal origin have been reported [1,5,12].
The interspecies transmission has been observed in developing
countries due to either cultural or ethnic reasons [3,6–9,11–
13,16]. It could be due to overcrowding, and sharing of a com-
mon source of water and living space by domestic animals and
humans in rural areas, resulting in increased reassortment
events. Our ﬁndings add to a growing body of evidence in sup-
port of zoonotic transmission and multiple reassortment of
rotaviruses in India. The study emphasizes the need for com-
plete molecular characterization, instead of the usual VP7 and
VP4 genes, during the planning and introduction of vaccination,
and post-vaccination surveillance, in endemic regions.
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